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1. Introduction
Development of technologies for the design, production 
and operation of electric and electronic equipment can 
increase its productivity and reduce energy consumption. 
Along with this, using modern equipment gives rise to 
changes in the electromagnetic situation in the production 
environment and general environment. This happens due to 
expansion of a frequency spectrum of electromagnetic fields 
of a complex of technical means, a growth of amplitudes of 
electric and magnetic components of harmonics of electro-
magnetic field of industrial frequency. All the above requires 
development and implementation of modern measures and 
means of protection of people from the influence of electro-
magnetic fields under production and living conditions. This 
corresponds to the Ukraine 2020 Strategy for Sustainable 
Development and represents one of the objectives of the 
Strategy [1].
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Обґрунтовано використання залі-
зорудного пилу для виготовлення елек-
тромагнітних екранів. Розроблено 
технологію виготовлення екранів. 
Збільшення дисперсності частинок 
до 20 разів підвищує коефіцієнт екра-
нування поля надвисокої частоти у 
8 разів. Коефіцієнт відбиття знижу-
ється до 0,10. Коефіцієнт екранування 
магнітного поля промислової частоти 
за вмісту екрануючої субстанції 12 % 
становить 2,2. Визначені електрофі-
зичні властивості екрана
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Обосновано использование железо-
рудной пыли для изготовления элек-
тромагнитных экранов. Разработана 
технология изготовления экранов. 
Увеличение дисперсности частиц до 
20 раз повышает коэффициент экра-
нирования поля сверхвысокой часто-
ты в 8 раз. Коэффициент отраже-
ния снижается до 0,10. Коэффициент 
экранирования магнитного поля про-
мышленной частоты при содержа-
нии экранирующей субстанции 12 % 
составляет 2,2. Определены электро-
физические свойства экрана
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Screening of electromagnetic fields is an actual problem 
of health protection, information security, electromagnetic 
compatibility and electromagnetic environment of residen-
tial premises, of protection of premises for servers and other 
electronic equipment. A fast development of mobile commu-
nication, the Internet, an increase in the number of electrical 
networks increases environmental pollution significantly. 
Electric transport, household appliances, computer net-
works also make a significant contribution to environmental 
pollution. Electromagnetic fields cause errors in the work of 
IT equipment more and more often, affect a quality of com-
munication. However, there are special tools that use side 
electromagnetic radiations of electronic devices. Such tools 
make it possible to:
– take confidential information from servers;
– interfere in a work of information systems;
– listen to negotiations;
– destroy data on electronic media intentionally or by 
negligence.
Materials for screening of electromagnetic fields rec-
ommended by national regulations (electrotechnical steels, 
permalloys, aluminum and copper alloys), have disadvan-
tages: magnetization of solid ferromagnetic materials in an 
external magnetic field and high reflective properties of all 
metallic materials.
The most promising protective materials are composite 
metal-polymer materials, but most of developments used 
model materials that are unsuitable for practical use. There-
fore, the tasks of development of technologies for production 
and researching protective properties of low-cost composite 
materials suitable for covering surfaces of large areas with 
acceptable screening coefficients are relevant.
2. Literature review and problem statement
There are lots of research and applied developments de-
voted to the elaboration of modern materials for screening 
of electromagnetic fields and for the production of screens of 
various designs, because of the need for easy-to-use, flexible, 
thin, cheap and effective means of protection of people and 
equipment from electromagnetic influences.
Work [2] presents development and study of properties of 
electromagnetic screens based on ferromagnets, but most of 
screening coefficients of the products exist due to reflection 
of electromagnetic waves, which may worsen the electro-
magnetic environment outside an area they protect. In this 
case, their own actual magnetization can increase a level of 
magnetic fields of ultra-low frequency. Study [3] addresses 
protection against high-power electromagnetic radiation of 
radars and has a special purpose.
Developments of narrow application are quite common. 
Thus, work [4] presents development and research of protec-
tive properties of materials for reducing levels of electromag-
netic fields of computer equipment. And research [5] ‒ for 
protection against effects of radiation of mobile phones.
A considerable amount of research and developments 
consider metal-polymeric protective materials based on fine-
ly dispersed metal particles. But such materials are of great 
value because of complexity of the technology of obtaining 
nanoparticles of metal particles, which are placed then in a 
polymer matrix [6]. The same relates to applied work [7]. A 
complex process of screen production makes producing of 
materials for large areas very expensive.
Paper [8] presents technology for obtaining nanopar-
ticles by direct synthesis during polymerization, but it is 
almost impossible to produce a large area of protective ma-
terial in this way.
Many studies relate to protective materials for screening 
of an electromagnetic field of a wide range. But they are 
either metastable due to moisture content [9], or very bulky 
[10], which complicates their practical use.
It is possible to reduce material costs and simplify 
production technology by a use of industrial waste as a 
screening filler. Paper [10] presents results of the devel-
opment, production and testing of protective properties 
of electromagnetic screens based on pig iron production 
waste. Acceptable particle sizes for screening are 5‒30 µm. 
However, the content of such particles is small in the waste 
(Fe2О3 ‒ up to 11.5 %, FeO ‒ up to 4.5 %). Therefore, it is 
necessary to construct a wedge-shaped form to provide a 
screening coefficient of 10 dB. This increases thickness of a 
screen and makes it unfit for covering of surfaces of prem-
ises of any purpose. 
At the same time, reflection coefficients are up to 3 dB. 
However, the developed screens are for ultrahigh and high-
est frequencies, so such screens worsen the electromagnetic 
environment in reflection directions up to 40 %.
Work [11] considers reliability and prevention of degra-
dation of protective material mainly.
 Study [12] shows that screening coefficients increase, 
while reflection coefficients reduce, with decrease in siz-
es of metal and metal-containing particles in a polymer 
matrix. A content of nanosized particles in the range of 
11‒12 % (by weight) provides screening coefficients up to 
10 dB and reflection coefficients up to 0.3. Increase in 
dispersion of particles by 2‒4 times reduces reflection 
coefficients by 0.15‒0.20, which is especially important 
for protection against high-frequency radiations. At the 
same time, screening coefficients make up 7‒8 dB. The 
thickness of a screen was 5 mm. The above shows that a use 
of nanoparticles of a metal substance can reduce levels of 
electromagnetic radiations by 8‒10 times. The experience 
of field measurements shows that levels of electromagnetic 
radiations almost never exceed the maximum permissible 
levels more than 3‒4 times during exploitation of powerful 
electrical equipment and radio engineering objects of civil 
aviation.
Therefore, it is advisable to use metal and metal-contain-
ing particles of a larger size, which are waste of manufactur-
ing processes, for production of protective materials. Paper 
[13] proposes production of metal-polymer material based 
on fine dispersed iron ore dust. The paper shows that the 
content of Fe and FeO in it is up to 57 % and 15 %, respec-
tively. In this case, dispersion of dust depending on a place 
of its selection in the aspiration system makes up from 2.5 to 
60 µm. Developers use a matrix of polyvinyl acetate for pro-
duction of screens of such substance. Screening coefficients 
of such screens with 10 % content of metallic substance 
make up 2‒5, and reflection coefficients are 0.2‒0.5. But 
results presented in papers [12, 13] refer to electromagnetic 
screens made on the basis of model polymers that are not 
adapted for a use in real production and living conditions. 
Thus, the problem is the creation of technology for devel-
opment and research of protective properties of screening 
metal-polymer material, designed based on reasonable safe-
ty adequacy, manufacturability and economic expediency 
of implementation.
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3. The aim and objectives of the study
The aim of present study is the development and produc-
tion of composite metal-polymer material made on the basis 
of iron-ore dust for screening of electromagnetic fields of the 
most critical frequencies.
We determined the following tasks to achieve the objec-
tives:
– investigation of dispersion of dust formed during en-
richment of iron ore. Development of a technology for pro-
duction of material for screening of electromagnetic fields;
– investigation of protective properties of electromag-
netic screens in the range of ultrahigh frequencies and 
protective properties in relation to magnetic fields of the 
industrial frequency;
– determination of electrophysical and magnetic proper-
ties of materials and possibility of their use for forecasting of 
protective properties of screens;
– conduction of metallographic research on surface and 
internal layers of the received materials, determination of 
ways to improve the developed technology.
4. Methods and methodology of study into protective 
properties of electromagnetic screens
We determined dispersion of metal and metal-contain-
ing particles of iron ore dust by the sedimentation method 
with a use of torsion scales. The method makes it possible 
to determine the granulometric distribution of particles the 
size of 10-7–10-4.
We used P3-50 assertive electric and magnetic field ten-
sion meter of the industrial frequency (Russian Federation) 
according to operation manual for the measurement of val-
ues  of a magnetic field of the industrial frequency.
We used P3-41 device (Russian Federation) according 
to the operation manual to measure energy flow densities of 
high-frequency sources. The device also makes it possible to 
measure an integral value of energy flow density at a desired 
location of the frequency range of 0.3‒30 GHz, which is re-
quired under the influence of many high-frequency sources 
of electromagnetic radiations.
We made geometrically closed screens in the form of a 
cylinder to determine coefficients of screening by protective 
mater i als of magnetic fields of ultralow frequencies. We 
placed the measuring antenna inside the screen through a 
technology hole, which was closed firmly. The necessity of a 
use of a solid screen is due to quasi-stationarity of ultralow 
frequency magnetic fields. This makes it impossible to pen-
etrat e  a magnetic field outside the screen. The screening 
coefficient is the ratio of the intensity of the magnetic field 
outside the screen to this indicator inside the screen.
In general, a size of such a screen may affect measure-
ment results in the case it is made of a ferromagnetic ma-
teria l due to magnetization in an external magnetic field. 
But tests showed that the use of iron and its oxides in the 
production of a screen in small quantities (up to 15 % by 
weight) has little effect and does not exceed the measure-
ment equipment error.
We ca r ried out determination of screening coefficients 
of el e ctromagnetic radiations of ultrahigh frequencies 
as fo l lows. We made electromagnetic screens the size of 
0.75×0.75 m. We placed them to a cut of the corresponding 
form i n a metal sheet, which ensured inability of radia-
tion penetration outside the screen. We located the screen 
betwe e n the source of electromagnetic radiation and the 
measu r ing antenna. Measurement error did not exceed 
20 %, either.
It is mandatory to determine contribution, which occurs 
due t o  reflection of electromagnetic waves, to the overall 
screening coefficient for development of means of protection 
against the influence of electromagnetic radiation of ultra-
high and highest frequencies.
We ca r ried out measurement of this parameter with-
out a  use of an insulating metal sheet with a slit for the 
screen due to high reflective properties of metal materials. 
We performed measurements in three stages. Initially, we 
measu r ed the energy flow density for a fixed distance of 
a radiation source. Then we measured this value using an 
electromagnetic screen. We located the measuring antenna 
at a distance of 0.2 m behind the screen. The next measure-
ment – with antenna placement at a distance of 0.2 m in 
front of the screen.
A bac k ground of external magnetic and electromag-
netic  fields was within sensitivity of devices during all 
experiments.
We carried out metallographic studies using the MIM-8 
metallographic microscope (Ukraine). We determined loca-
tion of metal particles in the material by the method of selec-
tive etching in a 20 % solution of nitric acid at a temperature 
of 20‒30 °C for 10‒20 minutes.
5. Technology of production of electromagnetic screens 
based on iron ore dust and foam-latex
All m e tal-polymer protective materials consist of a 
screening filler and a polymer matrix. We selected iron ore 
dust a s a filler. The chemical composition of dust, which 
moves through aspiration systems at the Kryvy Rih Mining 
and P r ocessing Plant (Ukraine), is known, and we deter-
mined the dispersion experimentally (Table 1).
Table 1
Chemical composition and dispersion of particles, which 






Aspiration system of 
quenching drums
Fе – 43 
FеО – 8 
СаО – 15 
Less than 5 µm – 48 
5–10 µm – 21 
20–50 µm – 8 
Larger than 50 µm – 10
Reloading unit
Fе – 58 
FеО – 15 
СаО – 10
Less than 5 µm – 52 
5–10 µm – 14 
15–20 µm – 15 
Larger than 25 µm – 11
Sizing, grinding and 
cooling agglomerate
Fе – 57 
FеО – 15 
СаО – 10
5 µm – 21 
5–10 µm – 16 
10–15 µm – 8 
15–50 µm – 6 
200–500 µm – 11
Note: * – Data on metal and metal-containing particles that provide 
screening of an electromagnetic field are given
Fiber  filters absorb dust. Particles of larger sizes stay 
on first curtains at the use of a six-row fiber filter, smaller 















48.40 89.38 98.90 99.50 99.80 99.90 99.95
The given data make it possible to choose metal and metal- 
containing substances of known composition and the re-
quired dispersion for production of electromagnetic screens.
We selected metal and metal-containing dust from 1–2, 
3–4 and 5–6 curtains of a six-row fiber filter for production 
of screening material.
After analysis of requirements for the material and a se-
ries of tests of various materials as a basis (matrix) of future 
electromagnetic screens, we decided to choose a composite 
material, which has a foam-latex as its base.
The technology of foam-latex production is known and 
widespread. We changed the technology partially to provide 
foam-latex with properties of electromagnetic screens. We 
added iron ore dust to a standard mixture before grinding 
of standard components of foam-latex in a special mill – in 
a brabender. We used dust with dispersions of 5‒10 µm, 
15‒25 µm, 50‒100 µm for this purpose. Weighing dust 
amounts made up 1‒15 %. We obtained the final material by 
squeezing of a liquid polymer through a rectangular hole on 
a rolling press. We carried out a heat treatment of the mate-
rial with surface vulcanization on a rolling press. A distance 
between rollers was 5 mm, which corresponds to the final 
thickness of the material. The thickness of vulcanized layer 
was 1.0‒1.5 mm.
6. Study into protective properties of metal-polymer 
electromagnetic screens
We carried out testing of protective properties in two 
series ‒ on the electromagnetic field of ultrahigh frequency 
and the magnetic field of industrial frequency.
Frequency of screened electromagnetic field was 1.8 GHz. 
We chose the frequency based on its largest use in wireless 
media now.
Fig. 1 shows the dependence of a screening coefficient on 
the weight content of the screening material.
For high-frequency electromagnetic fields, it is import-
ant to determine contribution of screening by reflection of 
electromagnetic waves of a small length, that is, a reflection 
coefficient, to the overall screening coefficient. This is due 
to possibility of reflection of radiation to an undesirable side, 
that is, deterioration of the electromagnetic environment 
outside a zone protected by a screen. Fig. 2 shows the depen-
dence of the reflection coefficient on the same parameters.
An analysis of results shows that increase in disper-
sion of a screening substance by 2‒3 times guarantees an 
increase in a screening coefficient by 2 times. At the same 
time, a coefficient of reflection reduces significantly (to 0.1). 
We should note that even with the use of large metal and 
metal-containing particles, screening coefficients are high 
at sufficient concentrations (14‒15 %). However, a reflection 
coefficient is close to a rate of metal materials, so it is already 
unacceptable for a use for protective covering of large areas.
Fig. 1. Dependence of a screening coefficient (Ks) of  
metal-polymer material on a content (ρ) and dispersion of  
a screening substance:  
 – 50–100 μm,  – 15–25 μm,  – 5–10 μm
Fig. 2. Dependence of reflection coefficient (Kr) of 
electromagnetic waves of metal-polymer material on  
a content (ρ) and dispersion of a screening substance  
 – 50–100 μm,  – 15–25 μm,  – 5–10 μm
We built geometrically closed constructions of the inves-
tigated materials to determine screening efficiency of a mag-
netic component of the electromagnetic field at an industrial 
frequency of 50 Hz. There is no sense in measurement of a 
reflection coefficient taking into account the quasi-station-
ary nature of such a field.
Fig. 3 shows test results.
The above shows that the developed screen makes possi-
ble to reduce levels of magnetic fields of ultralow frequencies 
by twice by the content of the filler by 12 %.
We performed determination of the specific conductivi-
ty of the material by measuring an inverse value – specific 
resistance by the method of doubled bridge. Fig. 4 shows 
results of the study.
We carried out measurements of dielectric conductivity 
according to the bridge scheme, which made possible to 
receive a value of the electric capacity from 10 Ω to 10 MΩ 
and the active component of the total electrical resistance 
(10 Ω‒10 MΩ) for tgδ≤1,000 separately (Fig. 5).
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Fig. 3. Dependence of screening coefficient (Ks) of magnetic 
field of the industrial frequency of 50 Hz on content (ρ) and 
dispersion of a metallic substance in a polymer matrix  
 – 50–100 μm,  – 15–25 μm,  – 5–10 μm
Fig. 4. Dependence of specific conductivity (σ) of metal-
polymer screens on content (ρ) and dispersion of a screening 
substance,  – 5–10 μm,  – 15–25 μm
Fig. 5. Dependence of dielectric permeability (ε) of  
metal-polymer screens on content (ρ) and dispersion of  
a screening substance,  – 5–10 μm,  – 15–25 μm
The obtained data are the basis for forecasting of the 
efficiency of electromagnetic screens depending on parame-
ters of an electromagnetic field, which needs to be screened. 
We can use quantitative values of specific conductivity and 
relative dielectric permeability to determine complex perme-
ability (real and imaginary components). This is necessary 
for calculation of absorption and reflection coefficients of 
electromagnetic waves using a previously developed mathe-
matical apparatus [12].
This significantly simplifies and accelerates implementa-
tion of work on development and implementation of organi-
zational and technical measures for electromagnetic security 
for ultrahigh and higher frequencies.
Information on magnetic permeability of materials is re-
quired for calculational forecasting of protective properties 
of a screen for the screening of a magnetic field of ultralow 
frequency. Direct determination is complex due to the de-
pendence on density of location of iron and iron-containing 
particles and complexity of a mixture.
It is advisable to determine this parameter based on 
experimental data taking into account a functional relation-
ship of these indicators.
Let us consider a cylindrical magnetic screen with an 
internal radius a, an external radius – b, which is located in 
an external quasi-stationary magnetic field with H0 intensity 
(Fig. 6).
Fig. 6. Scheme for calculation of a screening coefficient of 
magnetic field of ultralow frequency with a cylindrical screen
We assume that the relative permeability of the screen 
material is µ. The magnetic permeability outside the screen 
and inside the screen are equal to one. We consider the cylin-
drical screen to be long enough along Z axis (perpendicular 
to the plane of the figure). In the absence of electric current 
in all three zones (1, 2, 3), Laplace equation describes the 
magnetic field in them:
2 0,∇ ϕ =   (1)
where φ is the scalar magnetic potential.
The value of φ depends on coordinates r and cylindrical 
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The solution to the equation by a Fourier method pro-
duces:
– for the first zone: 
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 ϕ = + α  
– for the third zone: 
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We  can  determine  the  value  of  φ  at  the  boundary  of 
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 = − µ  
where μ is the desired relative permeability of the screen.
We  can  determine  equality  of  normal  components  of 
induction for r=b from equation:
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We  calculate  effective  magnetic  permeabilities  for  dif-
ferent concentrations of the metal substance using the above 




Thus,  we  can  determine  magnetic  permeability  of  pro-
tective materials having experimental data on the screening 
coefficients.  They  are  the  main  indicators  for  calculational 
forecasting  of  protective  properties  of  magnetic  screens  in 
the low-frequency region of the spectrum.
7. Discussion of results of study inton protective 
properties of electromagnetic screens
The  given  results  lead  to  the  conclusion  that  electro-
magnetic  screens  based  on  iron  ore  dust  have  significant 
advantages over other metal-polymer protective materials. 
The presence of products of various and known dispersion 
gives  possibility  to  produce  screens  with  the  necessary 




lems  in  another  way.  The  large  dependence  of  screening 
coefficients  (including  reflection)  on  the  concentration 
of  metal  and  metal-containing  particles  in  the  body  of  a 
polymer  matrix  makes  possible  to  create  screens  on  the 
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Paper [12] shows that protective properties of a compos-
ite material depend not only on its thickness, electrophysical 
and magnetic properties, but also on uniform distribution 
of a screening substance in the dielectric matrix. Therefore, 
we performed metallographic studies of surfaces and inner 
layers of the materials obtained.
Fig. 7 shows distribution of such particles on a surface of 
material at different concentrations of metal particles.
а                                             b 
Fig. 7. Distribution of metal particles on a surface of 
protective material by their weight content:  
а – 15 %; b – 7 %. Magnification ×350
The above structures show that at least pure metal (iron) 
particles have a certain tendency to stick together in the pro-
cess of material producing. Therefore, it is expedient to use 
special technological solutions in order to increase the uni-
formity of distribution of metal particles. This is possible due 
to production of a colloidal solution similar to a magnetic 
liquid with a use of a surfactant on the basis of iron ore dust.
We also investigated distribution of filler particles on the 
cross-section of material (Fig. 8).
Fig. 8. Distribution of metal particles on the cross-section of 
protective material. Magnification ×250
Fig. 8 shows that iron ore particles accumulate mainly 
in the near-surface layer of material. Perhaps this is due 
to the vulcanization process, but it gives the ability to re-
duce thickness of protective material at least twice, which 
simplifies its use for covering surfaces of complex configu-
rations.
Extraordinary elasticity and porosity of foam-latex is 
able to cover surfaces of complex configurations and con-
tribute to lower levels of acoustic noise, which is a promising 
area for further research.
The obtained data on electrophysical and magnetic prop-
erties of material are sufficient for calculation of forecasting 
of degrees of protection during development of organization-
al and technical measures on electromagnetic safety.
8. Conclusions
1. High dispersion and chemical composition of iron ore 
dust give possibility to use it as a screening filler in met-
al-polymer electromagnetic screens. High dispersion of iron 
ore particles (5‒100 µm), which accumulate at individual 
sections of filtering systems, makes possible to use them in 
production of screens of the required efficiency. The technol-
ogy of production of material for screening of electromagnet-
ic fields in the form of foam-latex is able to control protective 
properties of both by the content of a lead substance and by 
a use of particles of different dispersion. Vulcanized surfaces 
of a material with a depth of 1.0‒1.5 mm ensure its strength, 
hydrophobicity and possibility of covering of surfaces of 
complex configurations.
2. Tests of the developed materials indicate that the con-
tent of metal and metal-containing particles in the polymer 
matrix is 12 %, the coefficient of screening of the electromag-
netic field of ultrahigh frequency for particles of 50‒100 µm is 
2.5 with a reflection coefficient of 0.23. For particles the size 
of 5‒10 µm, these figures are 12 and 0.1, respectively. Increase 
in particle dispersion from 50‒100 µm to 5‒10 µm increases 
the screening coefficient of the magnetic field of an industrial 
frequency with the same weight content of 12 % from 2 to 6, 
which is fully acceptable for most of production conditions.
3. We determined electrophysical properties of the 
developed protective material (specific conductivity and 
dielectric permeability). We provided the method for deter-
mination of magnetic permeability depending on dispersion 
and a weight content of a screening substance. The results 
are the output data for calculational forecasting based 
on known ratios of protective properties of materials at 
the stages of design work on electromagnetic safety. The 
study shows that a sharp increase in specific conductivity 
from 10-7–10-6 to 10-3–10-2 S/m and dielectric permeability 
from 10‒20 to 70‒80 occurs at the concentration of lead 
substance of 11‒12 %. This corresponds to the threshold of 
electric current and is consistent with the position of the 
electrodynamics of solid environments.
4. Metallographic studies of distribution of metal par-
ticles on a surface and in a body of the material obtained 
indicate partial adhesion of individual particles. At the 
same time, these particles are concentrated in a surface 
layer of material of 1.2‒1.5 mm thickness. This corre-
sponds to the thickness of a vulcanized layer. The above 
shows possibility of improvement of the material by re-
ducing its thickness and increasing uniform distribution 
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